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Department, Zeneca Pharmaceuticals, Alderley Park, Macclesfield, UK 
Objective: To compile the results of investigations conducted in 84 centers throughout Europe of the in vitro activity 
of meropenem and a standard set of comparators against some 12 000 Gram-positive, Gram-negative, aerobic and 
anaerobic bacteria. 
Methods: Recent clinical isolates from 84 European countries were tested using Mueller-Hinton broth or agar (aerobes 
and nutritionally fastidious species) or Wilkins-Chalgren medium (anaerobes) for susceptibility t o  meropenem, imipenem, 
cefotaxime, ceftazidime, piperacillin, ciprofloxacin and gentamicin (aerobes) or meropenem, imipenem, clindamycin and 
metronidazole (anaerobes). 
Results: Whether compared across studies or across countries, meropenem and imipenem were the only compounds 
that produced uniform and predictable activity. The activity of ceftazidime and cefotaxime was compromized because 
of instability to both chromosomally mediated and new plasmid-mediated (transferable) p-lactamases. This effect was 
even more pronounced with piperacillin. Resistance to gentamicin was commonplace, although variable between 
countries; strains resistant t o  ciprofloxacin occurred in many genera of Enterobacteriaceae and amongst the pseudo- 
monads. Metronidazole was uniformly active against anaerobes but there were many clindamycin-resistant strains. 
Resistance, or diminished susceptibility, amongst Streptococcus pneumoniaewas found frequently, but of the p-lactams 
tested, only ceftazidime and piperacillin produced minimum inhibitory concentration values that could compromize 
therapeutic efficacy outside the central nervous system. 
Conclusions: These data provide further evidence of the high incidence of antibiotic resistance in Europe, notably in 
France, Spain and Italy. Fortunately, the carbapenems are highly stable to the enzymes that hydrolyze cephalosporins 
and penicillins. Hence, they retain an essentially unaltered and exceptional antimicrobial spectrum, embracing the vast 
majority of strains resistant to the other comparators, although meropenem was more reliable than imipenem against 
Pseudomonas aeruginosa. 
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I NTRO D U CTI 0 N 
All new antibiotics have their spectrum of antimicrobial 
activity determined relative to that of commercially 
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available competitors, in many individual centers. 
Occasionally these data are published as national 
surveys but it is rare for larger data sets to be compiled 
and published. 
With the wish to present a perspective of Europe- 
wide meropenem minimum inhibitory concentration 
(MIC) studies, we report on 84 sets of data. They were 
collected between 1988 and 1994 &om eight countries: 
France (lo), Germany (22) ,  The Netherlands (4), 
Italy (14), Spain (12), Sweden (l) ,  Switzerland (2)  and 
the UK (19). The spectrum and potency of mero- 
penem were compared with those of a standard set of 
comparator agents. 
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In this study the core comparators against aerobes 
were imipenem, cefotaxime, cefiazidime, piperacillin, 
ciprofloxacin and gentamicin. Anaerobes were tested 
for susceptibility to imipenem, clindamycin and 
nietronidazole. Not reported here are the additional 
antibiotics that may have been included because of 
the type of bacteria examined and the particular 
antibiotic policies of an individual center. However, 
a further report [Greenhalgh and Edwards, this 
Supplement] contrasts the activity of meropenem 
with these other antibiotics and also newer agents such 
as cefepime, cefpirome and piperacillin/tazobactam, 
which were not available at the start of this multicenter 
evaluation. 
The primary objective of this data presentation is 
to allow an evaluation of the activity of nieropenem and 
comparators across European countries. 
MATERIALS AND METHODS 
Study centers 
The 84 centers, the chief investigator, the country, the 
year of the investigation and the categories of organisms 
tested (Gram-positive aerobes, nutritionally fastidious 
strains, Gram-negative aerobes, non-fermenters or 
anaerobes) are presented in Table 1. 
Bacterial isolates and test methods 
Recent clinical isolates were used and their suscep- 
tibility to ineropenern and comparators assessed in the 
majority of centers as indicated in Table 2. As none of 
the compounds tested was significantly active against 
methicillin-resistant staphylococci, Entevococrus jaeciurn 
and Stenotrophornonus maltophiliu, these organisms were 
excluded froin the results. Results were compiled into 
a computer database as individual MICs and analyzed. 
The few centers that used different agar or broth media 
produced results that fell within the spread of MICs 
recorded overall and were included. Evidence in the 
literature that medium and inoculuni do not signi- 
ficantly influence meropenem MIC results [l-31 
validate these inclusions. 
Quality control data 
Quality control testing using reference strains was an 
integral part of this MIC study program. In general, 
meropenem and comparator drug MICs obtained using 
aerobic and anaerobic ATCC strains recommended 
by the National Committee for Clinical Laboratory 
Standards (NCCLS) produced acceptable quality control 
values. Ninety-five per cent (585/616) of meropenem 
results and 2387/2713 (88%) of comparator MICs fell 
within the proposed values for meropenem or within 
NCCLS-recommended guidelines. 
Table 1 European MIC studies: investigator, year and type of organisms studied 
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Table 1 continued 
Nutritionally 
Gram-positive fastidious Gram-negative 
Investigator Year aerobes aerobes aerobes Non-fermenters Anaerobes 
Italy 
Montibragadin 
Cruciani 
Dainelli 
Covelli 
Nicoletti 
Carlone 
Satta 
Pdradisi 
Martin-Luengo 
Gomez-Lur 
Garcia-de-Lomas 
Perea 
Cisterm 
Martin 
Garcia-Rodriguez 
Bayucro 
Gobernado 
Soriano 
Soriano 
Spain 
HOU23 
Sweden 
Nord 
Switzerland 
Kdyscr 
13ille 
Turner 
Livermore 
Powell 
Phillips 
Wise 
Watt 
Constantine 
Gransden 
Watt 
GOllld 
MacGowan 
Hood 
Farrell 
Roberts 
Roberts 
Govan 
Greenwood 
Allen 
Germany 
Cullniann 
Wiedemann 
Bauernfeind 
Shah 
Nabcr 
Werner 
Pulverer 
Hahn 
Daschner 
Geiss 
UK 
W d d C  
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1990 
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1991 
1991 
1990 
1991 
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1988 
1989 
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1990 
1990 
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19VO 
1990 
1992 
1992 
1994 
1988 
1989 
1989 
1989 
1987 
1988 
1988 
1988 
1988 
1989 
1989 
1992 
1993 
1993 
1992 
1990 
1991 
1991 
1992 
1992 
1992 
1994 
1987 
1989 
1988 
1988 
1991 
1991 
1991 
1992 
1993 
1992 
+ 
- 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
- 
+ 
- 
+ 
+ 
+ 
- 
+ 
+ 
+ 
+ 
- 
+ 
+ 
+ 
- 
- 
+ 
+ 
- 
+ 
+ 
+ 
- 
- 
- 
- 
- 
- 
+ 
- 
+ 
+ 
- 
+ 
+ 
+ 
+ 
- 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
- 
+ 
+ 
- 
- 
+ 
+ 
- 
- 
- 
- 
+ 
+ 
- 
- 
+ 
+ 
- 
+ 
+ 
+ 
+ 
+ 
+ 
- 
- 
- 
- 
- 
+ 
- 
- 
+ 
+ 
+ 
+ 
- 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
- 
+ 
+ 
- 
- 
+ 
+ 
- 
- 
- 
- 
+ 
+ 
+ 
- 
+ 
+ 
- 
+ 
+ 
+ 
+ 
+ 
+ 
- 
+ 
+ 
- 
+ 
+ 
- 
+ 
+ 
+ 
+ 
+ 
- 
+ 
+ 
+ 
+ 
T u r n e r  a n d  E d w a r d s :  I n  v i t r o  a c t i v i t y  o f  m e r o p e n e r n  4s35 
Table 1 continued 
~~ 
Nutritionally 
Grani-positive fastidious Grm-negative 
Investigator Year aerobes aerobes aerobes Non-fermeiiters Anaerobes 
Germany 
Samann 1993 + + + + - 
Spencker 1993 + f + + - 
Focht I993 + + + + + 
Neumann 1993 + + + - 
Griinni 1993 + + + + - 
Langtnaack 1993 + + + - 
Halle 1993 + + + - 
Traub 1993 + - + + - 
Focht 1993 + + + + 
Ringelniann 1993 + + + + - 
Braveney 1993 + + + - 
Just 1993 + + + + - 
- 
- 
- 
- 
- 
Table 2 Culture methods used 
Organism type Medium 
~~ ~ ~ ~~ 
Inoculum Incubation 
(CFU/spot or CFU/niL) (3537°C) period (h) 
Grain-positive aerobe5 Mueller-Hinton broth or agar 1 0 4  18-24 
Nutritionally fastidious aerobes Mueller-Hinton agar (enriched)" 104 18-24 
Anaerobes Wilkins-Chalgren 104  24-48 
"Mueller-Hinton agar was enriched with the addition of 5% defibrinated horse blood. 
Gram-negative aerobes Mueller-Hinton broth or agar 104 18-24 
Antibiotics 
Meropenem was supplied by Zeneca Pharmaceuticals; 
all other antibiotics were obtained from commercial 
sources. 
RESULTS 
Reproducibility of activity across Europe 
The reproducibility of the measurement of the activity 
of meropenem across Europe, judged by MIC9os (mg/L) 
in the six countries performing most tests (France, 
Germany, The Netherlands, Italy, Spain, the UK) is 
shown in Table 3. If MICsn had been used, the trends 
in the results given below would still have been valid 
(Zeneca, data on file). 
Evaluated by organism, the majority of meropenem 
results showed potent activity that was identical or 
within one or two doubling dilutions across countries; 
this was also the case for imipenem, with the exception 
of results against Pseudomonas aeruginosa, where MICm 
ranged from 4 mg/L to two results at 32 mg/L. 
Cefotaxime and ceftazidime showed uniformly good 
activity against few organisms, with variation being 
most obvious when tested against Enterobacter, Citro- 
bacter, Serratia and, to some extent, Klebsiella species. 
As expected, cefotaxime was essentially inactive against 
l? aeruginosa but ceftazidime MIC9o results ranged 
from 8 to 64 mg/L. The results for piperacillin were 
either very poor or were variable, as were those for 
gentamicin. Ciprofloxacin exhibited potent and repro- 
ducible activity against Staphylococcus auveus, Haemo- 
philus inzuenzae and Escherichia coli but among other 
Enterobacteriaceae there was at least one country with 
an MIC9o of 21 mg/L and the l? aeruginosa MICgo 
results ranged from 0.5 to 32 mg/L. 
The carbapenems were exceptional in this assess- 
ment. However, they were differentiated from each 
other by the more uniform activity of meropenem 
against l? aeruginosa across countries. 
Reproducibility of the activity of meropenem across 
studies 
Table 4 displays the distribution of meropenem MICsos 
and thus shows the true spread of results. This presen- 
tation differs from more conventional compilations, 
which can be biased by one large or atypical set of 
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values. Given that MIC90s for up to 60 results are 
presented, this table provides a reference point for 
future studies. 
Meropenem showed excellent reproducibility across 
studies, with a normal distribution of results typically 
being seen. The most common MIC90 for an organ- 
ism generally lay within two doubling dilutions: for 
example, the most common MIGO for Staphylococcus 
aureus was 0.13-0.25 mg/L and for i? aeruginosa was 
2-4 mg/L. Thls form of data presentation also exposes 
atypical results; it can be seen clearly by the increase 
in MIC90s above 1 mg/L for Staphylococcus aureus 
that some centers inadvertently included methicillin- 
resistant staphylococci among their isolates. This was 
probably also the case for Staphylococcus epidermidis. 
Table 3 Comparison of MICgo (mg/L) values by country for meropenem and comparators 
Organism Antibiotic France Germany The Netherlands Italy Spain UK 
Staphylococcus aureus Meropenem 0.2s 0.25 0.25 0.5 0.25 0.13 
Imipenem 0.06 0.13 0.03 0.25 0.13 0.03 
Cefotaxime 4 4 4 8 16 2 
Ceftazidime 16 16 16 128 32 16 
Piperacillin 4 32 64 32 64 4 
Ciprofloxacin 0.5 1 1 1 0.5 0.5 
Gentamicin 0.5 16 2 16 0.5 1 
Staphylococcus epidermidis Meropenem 2 4 4 4 4 1 
Imipenem 1 0.5 0.25 1 0.06 0.13 
Cefotaxime 4 8 16 >128 8 8 
Ceftazidime 16 16 32 >128 2128 16 
Piperacillin 4 16 64 32 16 4 
Ciprofloxacin 2 32 16 2 0.25 NT 
Gentamicin 32 32 64 64 16 32 
Streptococcus pneumoniae (PS) Meropenem 0.25 0.03 0.03 0.016 0.25 0.06 
Cefotaxime 0.06 0.25 0.06 0.5 0.5 0.25 
Ceftazidime 1 1 0.2s 1 0.13 0.25 
Piperacillin NT 0.06 0.5 0.06 0.03 0.25 
Gentamicin 2 16 8 4 16 32 
Imipenem 0.06 0.03 0.03 0.06 0.06 0.03 
Ciprofloxacin 32 2 2 1 1 2 
Haemophilus influenme 
Esckerickia coli 
Meropenem 0.06 0.13 0.13 0.13 0.13 0.13 
Cefotaxime 0.03 0.06 0.06 0.5 0.06 0.06 
Ceftazidime 0.13 0.13 0.25 4 0.25 0.25 
Piperacillin NT 4 2 1 128 8 
Ciprofloxacin 0.016 0.03 0.03 0.06 0.03 0.016 
Gentamicin 0.5 2 1 8 8 8 
Imipenem 1 1 1 2 4 4 
Meropenem 0.03 0.06 0.03 0.13 0.03 0.03 
Imipenem 0.25 0.25 0.25 0.5 0.25 0.25 
Cefotaxime 1 0.13 0.25 1 0.2s 0.2s 
Ceftazidime 4 0.25 2 2 1 0.5 
Piperacillin >128 64 128 2128 2128 128 
Ciprofloxacin 0.13 0.06 0.03 0.2s 0.13 0.06 
Gentamicin 2 1 4 4 64 2 
Citrobacrevfreundii Meropenem 0.06 0.13 0.03 0.5 0.06 0.13 
Cefotaxime 8 16 32 128 32 32 
Ceftazidime 16 32 32 64 64 64 
Piperacillin 2128 >128 128 >128 128 128 
Gentamicin 32 1 2 64 32 128 
Imipenem 2 1 2 2 1 1 
Ciprofloxacin 0.06 0.13 0.5 0.5 0.25 1 
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Table 3 continued 
Organism Antibiotic France Germany The Netherlands Italy Spain UK 
Klebsiella pneumoniae Meropenem 
Imipenem 
Cefotaxime 
Ceftazidime 
Piperacillin 
Ciprofloxacin 
Gentamicin 
Enterobacfer cloacae 
Serratia marcescens 
Proteus mirabilis 
Meropenem 
Imipenem 
Cefotaxime 
Ceftazidime 
Piperacillin 
Ciprofloxacin 
Gentamicin 
Meropenem 
Imipenem 
Cefotaxime 
Ceftazidime 
Piperacillin 
Ciprofloxacin 
Gentamicin 
Meropenem 
Imipenem 
Cefotaxime 
Ceftazidime 
Piperacillin 
Ciprofloxacin 
Gentamicin 
Pseudomonas aeruxinosa Meropenem 
Imipenem 
Cefotaxime 
Ceftazidime 
Piperacillin 
Ciprofloxacin 
Gentamicin 
Meropenem 
Imipenem 
Clindamycin 
Metronidazole 
Closfridium pefiingerzs Meropenem 
. Clindamycin 
Imipenem 
Metronidazole 
0.06 
0.5 
4 
16 
>128 
2 
64 
0.25 
2 
32 
16 
>128 
>128 
0.5 
0.13 
2 
>128 
8 
>128 
8 
>128 
0.06 
2 
0.06 
0.13 
2 
2 
8 
8 
32 
>128 
32 
32 
32 
>128 
0.25 
0.5 
2 
2 
0.06 
0.13 
1 
0.5 
0.06 
0.5 
0.25 
0.5 
128 
0.25 
2 
0.25 
1 
64 
32 
2128 
0.13 
2 
0.13 
1 
4 
1 
>128 
1 
8 
0.13 
4 
0.06 
0.13 
16 
0.06 
2 
4 
8 
128 
8 
128 
4 
64 
0.5 
1 
2 
2 
0.03 
0.5 
4 
1 
0.06 
0.5 
0.5 
1 
>128 
0.25 
32 
0.25 
0.5 
128 
64 
>128 
0.25 
64 
0.03 
0.5 
0.5 
N T  
N T  
N T  
N T  
0.13 
8 
0.06 
0.13 
1 
0.06 
2 
2 
8 
128 
8 
>128 
2 
>128 
0.25 
0.25 
>128 
2 
<0.008 
0.06 
0.5 
2 
0.13 
2 
4 
8 
>128 
0.25 
8 
0.25 
2 
2128 
>128 
>128 
1 
>128 
0.5 
4 
2128 
128 
>128 
2 
2128 
0.25 
4 
0.25 
2 
32 
0.25 
8 
8 
32 
>128 
64 
>128 
8 
>128 
1 
2 
16 
4 
1 
2 
16 
4 
0.06 
1 
0.5 
0.5 
128 
0.25 
1 
0.13 
1 
16 
16 
>128 
32 
0.13 
0.13 
2 
32 
32 
2128 
64 
0.5 
0.13 
4 
0.5 
0.5 
32 
0.03 
8 
4 
8 
64 
8 
32 
0.5 
64 
0.5 
0.5 
32 
2 
10.008 
0.13 
4 
1 
0.06 
1 
0.25 
1 
128 
0.5 
1 
0.13 
1 
128 
32 
>128 
16 
0.5 
0.06 
4 
2 
1 
128 
2 
64 
0.13 
4 
0.06 
0.13 
16 
0.13 
2 
2 
4 
128 
8 
64 
1 
4 
0.5 
0.25 
2 
1 
0.03 
0.25 
2 
0.5 
PS, penicillin-susceptible; NT, not tested. 
Comparison of spectrum and potency 
The data presented in Tables 5 (Gram-positive aerobes), 
6 (nutritionally fastidious), 7 (Enterobacteriaceae), 8 
(non-fermenters) and 9 (anaerobes) represent a coml 
pilation of all study data and show the MIC range, 
MICso and MIC9o for meropenem and comparators. 
Meropenem and imipenem were the two most 
active compounds against Gram-positive aerobes, with 
imipenem being 2-4-fold more potent than mero- 
penem against methicdlin-susceptible staphylococci, 
penicillin-resistant pneumococci and Enterococcurfaecafis 
(Table 5). 
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Table 4 Distribution of meropenem MICyos 
Frequency of MIC9os 
Number 
8 a16  Organism ofstudies 50.06 0.13 0.25 0.5 1 2 4 
Staphylococcus aureus 56 9 19 15 8 - 1 2 1 1 
Staphylococcus epidermidis 19 1 1 2 1 2 4 5 1 2 
Streptococcus pneumoniae (PS) 19 13 2 2 2 - - - - - 
Streptococcus pneumoniae (PR) 5 1 4 - - 
Euterococcus faecalis 38 1 1 - 2 10 17 7 
Haemophilus iufluenzae 20 6 11 3 - - - - - - 
Citrobacterfreundii 26 17 4 4 1 - - - - 
Klebsiella pneumoniae 39 26 8 1 2 1 1 - - - 
Enterobacter cloacae 37 9 15 7 4 2 - - - - 
Serratia marcescens 20 11 7 - 2 - - - - - 
Proteus mirabilis 44 20 15 5 1 3 - - - - 
Morganella m o p n i i  18 5 9 3 1 - - - - - 
Acinetobacter anitratus 7 2 3 1 1 - - 
Acinetobacter baumanii 7 1 5 1 - - - 
Bacteriodes fragilis 22 - 2 4 S 3 2 1 1 1 
Peptostreptococcus anaerobius 5 2 I 1 1 - - - 
Clostridium pe fr iyens  12 10 1 1 - - - - - 
Clostridium d@cile 7 1 6 - - - 
8 8 Streptococcus pyagenes - - - - - - - - 
- - - - - 
- - 
Moraxella catarrhalis 7 7 - - - - - 
Escherichia coli 60 52 5 2 1 - - - - - 
- - - 
- 
- - - 
- - - 
- - - Pseudomonas aevtrginosa 60 1 11 17 18 7 6 
- - 
- 
- - - - 
PS, penicillin-susceptible; PR, penicillin-resistant. 
Table 5 The activity of meropenem and comparators against Gram-positive aerobes 
Organism (n) Antibiotic MIC range MICso (mg/L) MIC9o (mg/L) 
Staphylococcus aureus (MS) (646) Meropenem 0.016-32 0.13 0.25 
Imipenem < 0.008-4 0.03 0.06 
Cefotaxime 0.13 to >128 2 4 
Ceftazidime 0.5 to >I28 8 32 
Piperacillin 0.06 to >I28 2 32 
Gentamicin 0.016 to >128 0.25 2 
Ciprofloxacin 0.06-64 0.5 1 
staphylococcus epidermidis (MS) (201) Meropenem 0.01644 0.13 
Imipenem <0.008-128 0.03 
Cefotaxime 0.06 to >I28 2 
Ceftazidime 0.06 to 2128 8 
Piperacillin 0.13 to >128 4 
Ciprofloxacin 0.06-32 0.5 
Gentamicin 0.016 to >I28 0.5 
Staphylococcus saprophyticus (1 01) 
Streptococcus pyogenes (87) 
Meropenem 0.016-32 0.25 
Imipenem <0.008-64 0.06 
Cefotaxime 0.13 to >128 4 
Ceftazidime 0.5 to >128 16 
Piperacillin 0.25 to >I28 2 
Ciprofloxacin 0.03-1 0.5 
Gentamicin <0.008-64 0.06 
Meropenem 
Imipenem 
Cefotaxime 
Ceftazidime 
<0.008-0.03 <0.008 
<0.008-0.06 <0.008 
<0.008-0.13 0.016 
0.016-8 0.13 
2 
0.25 
8 
64 
64 
16 
64 
0.5 
0.06 
8 
32 
4 
0.5 
0.25 
0.03 
0.03 
0.03 
0.25 
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4839 
Organism (n)  Antibiotic MIC range 
Streptococcus pyqenes (87) Piperacillin 
Ciprofloxacin 
Gentamicin 
Streptomccus pnenmoniae (PS) (1 58) Meropenem 
Imipenem 
Cefo taxime 
Ceftazidime 
Piperacillin 
Ciprofloxacin 
Gentamkin 
Streptocorcus pnenmoniar (PR) (97) Meropeneni 
Iniipenem 
Cefotaime 
Cefiazidime 
Piperacillin 
Ciprofloxacin 
Gentamicin 
Sfrrptococcvs qalac t iar  (75) 
Streptococcus equi (1.;) 
Streptococcus group G (13) 
Streptococcus bovis (1 4) 
Streptococcus mitis (31) 
Meropencm 
Imipenem 
Ccfotaxime 
Ceftazidiine 
Piperadin 
Ciprofloxacin 
Gentamcin 
Meropenem 
Imipenem 
Cefotaxime 
Ceftazidime 
Piperacillin 
Ciprofloxacin 
Gentamicin 
Meropenem 
Imipenem 
Cefotaxime 
Ceftazidime 
Piperacillin 
Ciprofloxacin 
Gentamicin 
Meropenem 
Imipenem 
Cefotaxime 
Cefiazidime 
Piperacillin 
Ciprofloxacin 
Gentamicin 
Meropenem 
Imipenem 
Cefotaxime 
Cefiazidime 
Piperacillin 
Ciprofloxacin 
Gentamicin 
<0.008-0.5 
-4.008-4 
0.25-32 
<0.008-1 
<0.008-1 
<0.008 to >128 
10.008-0.25 
4.008-4 
<0.008-4 
4.008-2 
0.03-2 
10.008-1 
0 .O 16-2 
1-32 
0.25-8 
0.5-2 
4-32 
<0.008-0.06 
<0.008-0.06 
<0.008-0.06 
0.03-1 
0.06-0.5 
0.016-4 
0.5-64 
<0.008-0.13 
0.016-0.06 
0.13-1 
0.06-0.25 
0.5-1 
<0.008-0.016 
16-32 
<0.008-0.016 
<0.008-0.03 
<0.008-0.03 
0.13-0.25 
0.06-0.13 
0.25-1 
0.5-16 
0.016-4 
10.008-0.5 
0.03-16 
0.5-128 
0.06-8 
1-4 
2-8 
<0.008-8 
<0.008-2 
<0.008- 128 
<0.008-128 
<0.008-16 
0.13-16 
0.25-32 
0.06 
0.5 
4 
0.016 
0.01 6 
0.03 
0.13 
0.03 
1 
0.5 
0.5 
0.13 
0.25 
8 
2 
1 
16 
0.03 
0.016 
0.03 
0.5 
0.1.3 
I 
32 
0.016 
<0.008 
0.03 
0.25 
0.13 
1 
16 
0.016 
<0.008 
0.016 
0.25 
0.13 
0.5 
16 
0.03 
0.016 
0.13 
1 
0.5 
0.5 
4 
0.03 
0.03 
0.06 
0.5 
0.5 
4 
4 
0.13 
2 
16 
0.016 
0.016 
0.06 
1 
0.13 
2 
1 
1 
0.25 
1 
32 
8 
1 
16 
0.06 
0.03 
0.00 
0.5 
0.5 
2 
64 
0.01 6 
< 0.008 
0.03 
0.25 
0.25 
1 
32 
0.016 
<0.008 
0.03 
0.25 
0.13 
1 
16 
0.25 
0.25 
1 
8 
8 
4 
8 
0.5 
0.25 
1 
32 
4 
8 
16 
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Table 5 continued 
Organism (n) Antibiotic MIC range MICso (mg/L) MIC9o (mg/L) 
Streptococcus mitior (1 1) 
Streptococcus millm' (2 1) 
Streptococcus sanguis (51) 
Streptococcus viridans (1 6) 
Enterocorcusfaecalis (507) 
Listeria monocytogenes (54) 
Meropenem 
Imipenem 
Cefotaxime 
Ceftazidime 
Piperacillin 
Ciprufloxacin 
Gentamicin 
Meropenem 
Imipenem 
Cefotaxime 
Ceftazidime 
Piperacillin 
Ciprofloxacin 
Gentamicin 
Meropenem 
Imipenem 
Cefotaxime 
Ceftazidime 
Piperacillin 
Ciprofloxacin 
Gentamicin 
Meropenem 
Imipenem 
Cefotaxime 
Ceftazidime 
Piperacillin 
Ciprofloxacin 
Gentamicin 
Meropenem 
Imipenem 
Cefotaxime 
Ceftazidime 
Piperacillin 
Ciprofloxacin 
Gentamicin 
Meropenem 
Imipenem 
Cefotaxime 
Ceftazidime 
Piperacillin 
Ciprofloxacin 
Gentamicin 
<0.008-0.13 
<0.008-0.06 
0.03-0.5 
0.25-4 
0.06-0.5 
0.5-4 
1-16 
<0.008-0.13 
<0.008-0.03 
0.03-0.5 
0.25-8 
0.06-2 
0.5-2 
0.25-16 
<0.008-2 
<0.008-32 
<0.008-16 
0.03-128 
<0.008-32 
0.13-16 
0.06-64 
<0.008-8 
<0.008-2 
<0.008-128 
0.06-128 
0.016-32 
0.03-16 
0.5-32 
0.06 to >128 
0.06 to >128 
0.026 to >128 
0.13 to >128 
0.03 to >128 
0.5 to >128 
0.06-128 
0.06-0.25 
0.06-0.5 
228 to >128 
2-128 
0.25-4 
0.25-2 
0.06-2 
0.016 
0.03 
0.06 
1 
0.06 
2 
4 
0.03 
0.03 
0.06 
1 
0.13 
1 
4 
0.03 
0.03 
0.06 
1 
0.5 
4 
8 
0.03 
0.03 
0.06 
1 
0.5 
2 
2 
4 
1 
128 
>128 
4 
1 
8 
0.13 
0.06 
64 
128 
1 
1 
0.25 
0.03 
0.03 
0.13 
2 
0.25 
4 
16 
0.06 
0.03 
0.5 
8 
0.5 
2 
16 
0.25 
0.13 
0.5 
32 
1 
8 
32 
0.13 
0.06 
0.25 
16 
2 
16 
16 
8 
2 
2128 
>128 
8 
4 
128 
0.25 
0.25 
128 
>128 
2 
1 
1 
MS, methicillin-susceptible; PS, penicihn-susceptible; PR, penicillin-resistant. 
Meropenem, cefotaxime and ciprofloxacin were Meropenem exhibited remarkable activity against 
equiactive and were much more potent (MICs the Enterobacteriaceae. Of the 5363 strains reported, 
50.06 mg/L) than imipenem, ceftazidime, piperacihn only one, a single strain of Serratia marcescens (fiom 
and gentamicin against H. injuenzae and the Neisseria. Italy), had a meropenem MIC of > 4  mg/L. Typically, 
Meropenem was the most active agent against Moraxella meropenem was 8-16-fold more potent than imipenem. 
catarrhalis and Gardnerella vaginalis (MICs 50.03 mg/L) Cefotaxime and ceftazidime were often similar in 
(Table 6). activity to imipenem but had higher MICs, notably 
Turner and Edwards :  I n  v i t r o  a c t i v i t y  o f  meropenem 4 S 4 1  
with strains of the Citrobacter-Enterobacter-Serratia 
group. Piperacillin was less active still and many of the 
strains showed MIC9os 2 128 mg/L. Ciprofloxacin was 
often similar in potency to meropenem but cipro- 
floxacin-resistant strains were seen, notably amongst 
Serratia marcexens and Providencia stuartii. Gentamicin 
was often significantly less active (Table 7). 
The meropenem MIC90 for both P ueruginosa and 
Burkholderiu cepacia was 4 mg/L, while the results for 
imipenem against these organisms were 8 and 32 mg/L, 
respectively. Ciprofloxacin had an MIC90 of 1 mg/L 
against P aeruginosa but the results of 4 mg/L against 
Burkholderia cepacia was of questionable therapeutic 
value. Other comparators were less active. The two 
carbapenems exhibited sirmlar good activity (MICsos 
5 4  mg/L) against Acinetobacter species but the other 
comparators did not provide uniform activity or were 
inactive (Table 8). 
Meropenem was the most active compound tested 
against all anaerobes (MICso 5 2  mg/L). Inlipenem was 
similar in activity against Gram-negative bacilli and 
anaerobic cocci but was often at least lbfold less potent 
than meropenem against the clostriha. The reference 
anti-anaerobe compounds, clindamycin and metro- 
nidazole, were less potent (Table 9). 
DISCUSSION 
Given the wealth of published data, it is not surprising 
that, in common with other studies [2,4-181, results 
from some of them included here, the data presented 
show that meropenem possesses excellent activity 
Table 6 The activity of meropenem and comparators against nutritionally fastidious aerobes 
Organism ( w )  Antibiotic MIC range MICSC, (mg/L) MICso (11ig/L) 
Haemophilus injurizzae (297) Meropeneni 
Imipenem 
Cefotaxime 
Ceftazidinie 
Piperacillin 
Ciprofloxacin 
Gentamicin 
Neissrria mevringitidis (1 4) 
Moraxclla catarrhalis (69) 
Gardnerelfn uaginalis (20) 
Meropenem 
Imipenern 
Cefotaxiine 
Ceftazidinie 
Piperacillin 
Ciprofloxacin 
Gentamicin 
Meropenem 
Inlipenem 
Cefotaxime 
Ceftazidime 
Piperacillin 
Ciprofloxacin 
Gentamicin 
Meropenem 
Imipenem 
Cefotaxime 
Ceftazidime 
Piperacillin 
Ciprofloxacin 
Gentamicin 
Meropenem 
Imipenem 
Cefotaxime 
Ceftazidime 
Piperacillin 
Ciprofloxacin 
Gentamicin 
< 0.008--1 
< 0.008-64 
< 0.008-2 
<0.008-8 
<0.008 to >328 
<0.008-0.13 
0.25-8 
< 0.008-0.03 
< 0.008-0.25 
<0.008-0.03 
< 0.008-1 
<0.008-64 
<0.008-0.03 
< 0.008-8 
< 0.008-0.016 
0.03-0.25 
< 0.008 
< 0.008-0.25 
< 0.008-0.25 
<0.008 
1-4 
< 0.008-0.03 
< 0.008-0.13 
< 0.008-2 
<0.008-0.5 
<0.008-2 
<0.008-0.25 
< 0.008-2 
< 0,008-0.13 
0.03-0.13 
0.03-1 
0.25-8 
0.016-0.25 
0.5-2 
4-32 
0.06 
1 
0.03 
0.13 
0.06 
<0.008 
2 
< 0.008 
0.06 
< 0.008 
0.06 
0.03 
<0.008 
2 
<0.008 
0.13 
<0.008 
0.03 
0.03 
<0.008 
4 
<0.008 
0.03 
0.13 
0.06 
0.25 
0.03 
0.5 
0.016 
0.06 
0.13 
0.5 
0.06 
1 
16 
0 25 
2 
0.13 
0.5 
8 
0.016 
4 
0.016 
I). 13 
0 03 
0.25 
0.5 
0.016 
2 
0.016 
0.13 
<0.008 
0.25 
0.25 
<0 008 
4 
<0.008 
0.13 
1 
0.25 
0.5 
0.06 
2 
0.03 
0.13 
0.25 
2 
0.25 
2 
16 
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Table 7 The activity of meropenem and comparators against Enterobacteriaceae and other Gram-negative aerobes 
Organism (n) Antibiotic MIC range MIGO (mg/L) MIC9o (mg/L) 
Citrobacter diversus (65) 
Citrobacterfrerrndii (320) 
Salmonella spp. (15 1) 
Skigella sonnei (18) 
Skiqella Jexneri (1 2) 
Klebsiella pneumoniae (597) 
Klebsiella ozaenae (10) 
Esckerickia coli (1426) Meropenem 
Imipenem 
Cefotaxime 
Ceftazidirne 
Piperacillin 
Ciprofloxacin 
Gentamicin 
Meropenem 
Inlipenem 
Cefotaxime 
Cefiazidime 
Piperacillin 
Ciprofloxacin 
Gentamicin 
Meropenem 
Irnipenern 
Cefotaxime 
Ceftazidime 
Piperacillin 
Ciprofloxacin 
Gentamicin 
Meropenem 
Imipenem 
Cefotaxirne 
Ceftazihme 
Piperacillin 
Ciprofloxacin 
Gentarnicin 
Meropenem 
Imipenem 
Cefotaxime 
Cefiazidime 
Piperacillin 
Ciprofloxacin 
Gentamicin 
Meropenem 
Imipenem 
Cefotaxime 
Ceftazidirne 
Piperacillin 
Ciprofloxacin 
Gentamicin 
Meropenern 
I mi p e n e m 
Cefotaxime 
Ceftazidime 
Piperaellin 
Ciprofloxacin 
Gentamicin 
Meropenem 
Imipenem 
Cefotaxime 
Ceftazidirne 
Piperacillin 
Ciprofloxacin 
Gentamicin 
<0.008- 1 
<0.008-2 
<0.008 to >128 
<0.008 to 2128 
0.03 to >128 
0.016 to >128 
<0.008-8 
<0.008-2 
0.06-4 
0.016 to >128 
0.06 to 2128 
1 to >I28 
0.13 to >I28 
<0.008-2 
<0.008-2 
0.01 6-4 
<0.008 to 2128 
0.016 to >128 
0.25 to >128 
0.06 to >128 
<0.008-8 
<0.008-0.06 
<0.008-4 
0.016-2 
0.06 to >128 
0.5 to >I28 
<0.008- 16 
0.13-128 
0.016-0.06 
0.13-0.5 
<0.008-0.25 
0.03-2 
1-128 
<0.008-0.25 
0.13-4 
0.03 
0.13-0.5 
0.03-0.13 
0.06-0.25 
1-2 
<0.008 
0.06-0.13 
<0.008-2 
<0.008-16 
<0.008 to >128 
<0.008 to >128 
0.13 to >128 
0.03 to >I28 
<0.008-16 
<0.008-0.25 
0.13-2 
0.016-4 
0.03-32 
1-32 
<0.008-0.5 
0.13-1 
0.016 
0.13 
0.06 
0.13 
4 
0.03 
0.5 
0.03 
0.25 
0.06 
0.13 
8 
<0.008 
0.5 
0.03 
0.5 
0.25 
0.5 
8 
0.03 
0.5 
0.03 
0.25 
0.13 
0.25 
2 
<0.008 
0.5 
0.03 
0.25 
0.06 
0.13 
4 
<0.008 
0.5 
0.03 
0.25 
0.06 
0.13 
1 
10.008 
0.13 
0.03 
0.25 
0.06 
0.25 
8 
0.03 
0.5 
0.03 
0.25 
0.03 
0.13 
4 
0.03 
0.25 
0.03 
0.5 
0.25 
1 
128 
0.13 
16 
0.13 
2 
0.5 
8 
128 
0.06 
4 
0.13 
1 
32 
64 
128 
32 
0.25 
0.06 
0.5 
0.5 
0.5 
128 
0.03 
1 
0.03 
0.5 
0.25 
2 
128 
<0.008 
2 
0.03 
0.25 
0.13 
0.25 
2 
<0.008 
0.13 
0.06 
1 
0.5 
2 
>128 
0.25 
2 
0.06 
1 
0.06 
0.5 
8 
0.06 
1 
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Table 7 continued 
Organism (n)  Antibiotic MIC range MICW (mg/L) MICW (mg/L) 
Klebsiella oxytoca (236) 
Enterobactrr cluacae (527) 
Enterohaiter a e r o p r s  (1 30) 
Meropenem 
Imipenem 
Cefotaxime 
Ceftazidime 
Piperacillin 
Ciprofloxacin 
Geiitamicin 
Meropenem 
Imipencni 
Cefotaxime 
Ceftazidime 
Piperacillin 
Ciprofloxacin 
(;en tarnicin 
Meroperiern 
Imipenem 
Cefotaxinie 
Ceftazidime 
L’iperacillin 
Ciprofloxacin 
Geiitamicin 
Enterohactev u~~qfolirlomevnvis (47) Meropenem 
Imipenem 
Cefotaxime 
Ceftazidime 
Piperacillin 
Ciprofloxacin 
Gentdmicin 
Enferobactcr sakazakii (10) 
Srrratia marcescens (326) 
Srrratia liquefciens (47) 
Hafnia aluei (53) 
Meropenern 
Imipenem 
Cefotaxime 
Ceftazidinie 
Piperacillin 
Ciprofloxacin 
Gentamicin 
Meropenern 
Imipeneni 
Cefotaxime 
Ceftazidime 
Piperacillin 
Ciprofloxacin 
Gentamicin 
Meropenem 
Imipenem 
Cefotaxime 
Ceftazidime 
Piperacillin 
Ciprofloxacin 
Gentamicin 
Meropenem 
Imipenem 
Cefotaxime 
Ceftazidime 
Piperacillin 
Ciprofloxacin 
Gentamicin 
<0.008-2 
<0.008-2 
<0.008 to >I28 
10.008 to 2128 
0.06 to >128 
<0.008 to >128 
<0.008-32 
10.008-2 
<0.008 to >I28 
0.03 to >128 
0.03 to >128 
0.03 to >128 
0.016-32 
4.008-8 
<0.008-1 
<0.008-4 
0.016-64 
0.03-128 
0.13 to >128 
0.03 to >128 
<0.008-2 
<0.008-0.5 
0.03-4 
<0.008-128 
0.06-128 
1 to >128 
0.06-4 
<0.008-2 
0.016-2 
0.13- 1 
0.03 to >128 
0.13 to >128 
1 to >128 
<0.008-0.13 
0.13 to >128 
<0.008-32 
0.016-8 
0.016 to >128 
0.03 to >128 
0.06 to >I28 
0.13 to >128 
0.016-32 
<0.008-1 
0.03-4 
0.03 to S128 
0.03-32 
0.25 to >I28 
0.13 to >128 
<0.008-2 
0.016-0.13 
0.13-1 
0.03-2 
0.03-8 
0.5-128 
4.008-2 
0.13-16 
0.03 
0.25 
0.03 
0.13 
8 
0.01 6 
0.5 
0.06 
0.5 
0.5 
0.5 
4 
0.03 
0.5 
0.03 
0.5 
0.13 
0.25 
4 
0.016 
0.5 
0.03 
0.2.5 
0.25 
0 5  
4 
0.03 
0.5 
0.06 
0.25 
0.13 
0.25 
4 
<o.oox 
1 
0.06 
I 
0.5 
0.5 
8 
0.13 
I 
0.06 
0.5 
0.25 
0.25 
4 
0.03 
0.5 
0.03 
0.25 
0.25 
1 
2 
<0.008 
0.5 
0.M 
0.5 
0.5 
1 
128 
0.13 
9 
1 
0.25 
3 
1 
64 
64 
>I 28 
3 2 
0.25 
0.13 
1 
1 0 
32 
128 
0.13 
2 
0.13 
4 
8 
8 
64 
0.1 
4 
0.1 
0.1 
>I28 
>I28 
>128 
>128 
0.03 
0.13 
2 
32 
8 
>12x 
2 
128 
0.13 
2 
8 
1 
>128 
0.25 
8 
0.06 
0.5 
0.5 
4 
64 
0.03 
1 
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Pro'roteus mirabilis (662) 
Proteus uu[qaris (188) 
M o p n e l l a  morganir (305) 
Prouidencia rettgeri (90) 
Prouidencia stuartii (1 12) 
Prouidencia alcalijicienr (10) 
Yersinia enterocolitica (21) 
Aeromonas hydrophila (22) 
Meropenem 
Imipenem 
Cefotaxime 
Ceftazidime 
Piperacillin 
Ciprofloxacin 
Gentamicin 
Meropenem 
Imipeneni 
Cefotaxime 
Ceftazidime 
Piperacillin 
Ciprofloxacin 
Geii taniicin 
Meropenem 
Imipenem 
Cefotaxime 
Ceftazidime 
Piperacillin 
Ciprofloxacin 
Gentamicin 
Meropenem 
Imipenem 
Cefotaxime 
Ceftazidime 
Piperacikn 
Ciprofloxacin 
Gentamicin 
Meropenem 
Imipenem 
Cefotaxime 
Ceftazidime 
Piperacillin 
Ciprofloxacin 
Gentamicin 
Meropenem 
Imipenem 
Cefotaxime 
Ceftazidime 
Piperacillin 
Ciprofloxacin 
Gentamicin 
Meropenem 
Imipenem 
Cefotaxime 
Ceftazidime 
Piperacillin 
Ciprofloxacin 
Gentamicin 
Meropenem 
Imipenem 
Cefotaxime 
Ceftazidime 
Piperacillin 
Ciprofloxacin 
Gentamicin 
<0.008-2 
0.016-16 
40.008-64 
0.03-32 
0.03 to >128 
0.03 to >128 
<0.008-64 
<0.008-4 
0.03-32 
<0.008-64 
10.008-16 
0.13 to >128 
0.06 to >128 
<0.008-0.5 
0.016-2 
0.03-16 
<0.008-64 
0.016 to >128 
0.13 to >128 
0.06 to >128 
10.008-32 
0.016-2 
0.06-16 
<0.008-32 
0.03-64 
0.13 to >128 
0.06 to >128 
<0.008-128 
0.016-2 
0.06-4 
<0.008 to >128 
0.06 to >128 
0.06 to >128 
0.13 to >128 
<0.008-128 
0.03-0.06 
0.25-2 
<0.008-0.016 
<0.008-0.5 
0.13-2 
0.13-2 
0.03 
<0.008-0.06 
0.25-0.5 
0.03-0.13 
0.13-0.25 
1-32 
<0.008-0.06 
0.06-1 
<0.008-0.5 
0.016-2 
0.03-0.5 
0.03-1 
0.03-8 
<0.008-0.25 
0.13-1 
0.06 
1 
0.03 
0.06 
0.5 
0.03 
0.5 
0.06 
2 
0.03 
0.06 
0.5 
0.016 
0.25 
0.06 
2 
0.06 
0.13 
1 
0.016 
0.5 
0.06 
1 
0.03 
0.13 
1 
0.03 
1 
0.06 
1 
0.13 
0.25 
8 
0.06 
8 
0.03 
0.5 
<0.008 
0.03 
1 
0.016 
0.5 
0.03 
0.5 
0.13 
0.13 
2 
40.008 
0.13 
0.06 
0.25 
0.03 
0.13 
2 
0.03 
0.25 
0.13 
4 
0.13 
0.25 
16 
0.13 
4 
0.25 
4 
0.5 
0.25 
8 
0.06 
1 
0.25 
4 
4 
8 
128 
0.13 
4 
0.25 
4 
2 
4 
>128 
2 
64 
0.13 
4 
0.5 
1 
2128 
4 
64 
0.06 
1 
10.008 
0.5 
2 
0.06 
2 
0.03 
0.5 
0.13 
0.25 
4 
0.03 
1 
0.25 
2 
0.25 
0.25 
4 
0.03 
1 
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Organism (n) Antibiotic MIC range MICso (mg/L) MIC9o (mg/L) 
Aerumunas caviae (45) Meropenem <0.008-0.25 0.03 0.06 
Imipenem 0.016-1 0.06 0.25 
Cefotaxime 0.03-64 0.25 2 
Ceftazidime 0.03-16 0.25 1 
Piperacillin 0.13 to >128 2 64 
Ciprofloxacin 0.03 0.03 0.03 
Gentamicin 0.06-2 0.5 1 
Table 8 The activity of meropenem and comparators against non-fermenters 
Organism (n) Antibiotic 
Arinetobacter anitratus (1 53) Meropenem 
Imipenem 
Cefotaxime 
Ceftazidime 
Piperacillin 
Ciprofloxacin 
Gentamicin 
Acinetobacter baumanii (60) 
Acinetobacter jnni i  (37) 
Acinetobacter Iwujfii (43) 
Meropenem 
Imipenem 
Cefotaxime 
Ceftazidime 
Piperacillin 
Ciprofloxacin 
Gentamicin 
Meropenem 
Imipenem 
Cefotaxime 
Ceftazidime 
Piperacillin 
Ciprofloxacin 
Gentamicin 
Meropenem 
Imipenem 
Cefotaxime 
Ceftazidime 
Piperacillin 
Ciprofloxacin 
Gentamicin 
Acinerobacter harmolyticus (37) Meropenem 
Imipenem 
Cefotaxime 
Ceftazidime 
Piperacillin 
Ciprofloxacin 
Gentamicin 
Pseudomonas aemginosa (882) Meropenem 
Imipenem 
Cefotaxime 
Ceftazidime 
Piperacillin 
Ciprofloxacin 
Gentamicin 
<0.008 to 2128 
0.03 to >I28 
0.03 to >128 
0.06 to >I28 
<0.008 to >128 
0.03 to >I28 
0.06-4 
<0.008-32 
0.03-2 
0.5-128 
0.5-32 
0.25 to >I28 
0.016-128 
0.25-128 
0.13-1 
0.13-1 
2-64 
1-32 
4-128 
0.13-2 
0.25-128 
<0.008-16 
10.008-64 
0.06-64 
0.06 to >128 
<0.008-8 
0.06-128 
0.016--128 
0.016-64 
0.13-16 
0.25-8 
0.25-4 
1-128 
<0.008-64 
0.5-4 
0.01 6-32 
0.016 to 2128 
0.03 to >128 
0.13 to >128 
0.25 to 2128 
0.03 to >128 
<0.008-64 
0.5 
1 
32 
16 
64 
1 
16 
0.5 
0.25 
16 
4 
128 
0.5 
4 
0.5 
0.5 
64 
16 
128 
1 
128 
0.06 
0.13 
2 
2 
4 
0.06 
0.5 
0.25 
0.25 
8 
2 
32 
0.25 
1 
0.5 
2 
16 
2 
8 
0.25 
2 
4 
4 
128 
64 
>128 
8 
32 
1 
0.5 
16 
8 
128 
2 
128 
0.5 
0.5 
64 
16 
128 
1 
128 
0.5 
0.5 
16 
8 
32 
2 
4 
1 
0.5 
8 
4 
32 
0.5 
4 
4 
8 
128 
16 
128 
1 
64 
4 8 4 6  C l in ica l  M i c r o b i o l o g y  a n d  In fec t ion ,  V o l u m e  3 S u p p l e m e n t  4 
Table 8 continued 
Organism (n) Antibiotic MIC range M I C ~ O  (mg/L) M I G O  (mg/L) 
Pseudomoms putida (40) Meropenem 
Imipenem 
Cefotaxime 
Cefiazidime 
Piperacillin 
Ciprofloxacin 
Gentamicin 
<0.008-8 
<0.008-4 
0.03-128 
0.13 to >128 
0.03-64 
<0.008-0.5 
0.03-8 
2 
0.5 
16 
4 
16 
0.13 
1 
PreudomonasPuovesiens (1 8 )  Meropenem 0.25-16 2 
Imipenem 0.5-8 4 
Cefotaxime 1-64 16 
Cefiazidime 0.5-32 2 
Ciprofloxacin 0.016-8 0.13 
Gentamicin 0.03 to >128 0.25 
Piperacihn 0.25-64 4 
8 
1 
64 
32 
>128 
0.5 
2 
4 
8 
32 
16 
16 
0.5 
4 
Burkholderia cepaiia (45) Meropenem 0.13-16 2 4 
Imipenem 0.5-64 8 32 
Cefotaxime 1 to >128 16 32 
Ceftazidime 1 to >128 4 8 
Piperacillin 1 to >128 8 32 
Gentamicin 4 to >I28 64 >128 
Ciprofloxacin 0.13-8 1 4 
against almost all clinically important bacteria, whether 
Gram-positive or -negative, or aerobes or anaerobes. 
Exceptions are methicillin-resistant staphylo-cocci, 
Enterococcus faecium or Stenotrophornonas rnaltophilia. 
However, the objective of this study was to assess 
reproducibility of activity across studies and countries, 
and in so doing it revealed interesting findings, 
particularly relating to the frequency with which 
bacterial resistance is now encountered. 
Meropenern and imipenem were the only com- 
pounds that exhbited uniformity of activity. However, 
if potential for resistance was considered, they could be 
differentiated by the more uniform activity of mero- 
penem against l? aeruginosa. 
The results for ceftazidime and cefotaxime, which 
often have an important role in the treatment of serious 
infection, showed significant problems of bacterial 
resistance, notably among Gram-negative aerobes. 
This may be explained by either overexpression of type 
I p-lactamase [19,20] or, of greater concern, the 
harboring of the new TEM or SHV mutants that 
are transferable [21]. All established third-generation 
cephalosporins are unstable to these enzymes and the 
newer agents, cefepime and cefiirome, fail to resolve 
the problem satisfactorily [Z]. 
Piperacillin MIC90s of 2 128 mg/L were common- 
place among the Enterobacteriaceae, Pseudomonas and 
Acinetobacter species. While a piperacillin/tazobactam 
combination is now available, tazobactam will do little 
to protect against hydrolysis by type I p-lactamases 
when overexpressed [23], and new TEM derivatives 
that hydrolyze P-lactamase inhibitors already exist [24]. 
Supporting data can be found in Greenhalgh and 
Edwards [this Supplement]. 
Compiled data showed that MIC90s (and indeed, 
MICsos) of gentamicin often approached or were 
above therapeutically useful values. Gentamicin has no 
activity against anaerobes, and resistance in aerobes is 
caused either by aminoglycoside-modifying enzymes, 
reduced permeability or ribosomal resistance [25]. 
While gentamicin provides a good example of amino- 
glycoside activity differences do occur with some of 
the other members of this class of antibiotics (e.g. 
tobramycin, n e t h c i n  and amikacin). This is reviewed 
by Greenhalgh and Edwards (in this Supplement). 
The trends towards elevated ciprofloxacin MICs 
for many species revealed by these data is confirmed 
in more recent studies and surveys [26,27]. It is a 
considerable disappointment that 4-quinolone resistance 
is now an established fact. 
Reports of resistance to clindamycin have been 
published [28]; in this study, resistance was seen 
amongst Bacteroides, Clostridiurn and anaerobic cocci. 
Conversely, emergence of resistance to metronidazole 
is a rarity. 
Of great concern is the rapid spread of penicillin 
resistance amongst Streptococcus pneumoniae. Resistance 
in this species to many chemically unrelated agents 
is frequently seen, and all p-lactam antibiotics 
show &minished susceptibility to some extent [29]; 
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Table 9 The activity of meropenem and comparators against anaerobes 
Organism (a) Antibiotic MIC range MICw (mg/L) MICW (mg/L) 
Bacteroidus.fiagrlis (1 078) Meropenem 
Imipenem 
Clindamycin 
Metronidazole 
Barteroides vnkatus (79) 
Bacteroides unformis (33) 
Bacteroides distasonis (77) 
Meropenem 
Imipenem 
Clindamycin 
Metronidazole 
Meropenein 
Imipenem 
Clindamycin 
Metronidazole 
Meropenem 
Imipenem 
Clindamycin 
Metronidazole 
Bacteroides thetaiotaomicron (189) Meropeneni 
Imipenem 
Clindamycin 
Metronidazole 
Bacteruides O V Q ~ U S  (74) 
Bacteroides runzcnicola (2 1) 
Bactcroides nreolytitus (16) 
Meropenem 
Impcnem 
Clindamycin 
Metromdazole 
Meropenem 
Imipenem 
Chndamycin 
Metronidazole 
Meropenem 
Imipenein 
Clindamycin 
Metronidazole 
Prcvotclla rnelaninopura (30) Meropenem 
Imipenem 
Chndaniycm 
Mctroniddzole 
Preuotella intermedia (39) 
Prevoteh hivia (92) 
Prevofdla oralis (38) 
Prevotella disiens (23) 
Meropenem 
Iimpenem 
Clindaniyciri 
Metronidazolc 
Meropenem 
Iniipenem 
Clindamycin 
Metronidazole 
Meropeiiem 
Imipenem 
Clindamycin 
Metronidazole 
Meropenem 
Imipenem 
Clindamycin 
Metronidazole 
<0.008 to >128 
<0.008 to >128 
<0.008-64 
0.016-32 
0.03-4 
0.016-4 
<0.008-128 
0.016-8 
0.016-1 
0.016-4 
0.016-128 
0.06-4 
10.008-4 
<0.008-4 
<0.008 to >128 
0.06-4 
0.016-8 
0.016-8 
<0.008 to >128 
0.016-4 
0 03-2 
0.03-2 
0.03 to >128 
0.03-8 
0.0 16-0.06 
0.0 16-0.25 
0.016-1 
0.25-128 
<0.008-0.03 
0.016-0.25 
0.03-0.5 
0.5-4 
<0.008-0.5 
<0.008-4 
<0.008-32 
0.016-16 
<0.008-8 
<0.008-8 
<0.008-16 
0.016-32 
<0.008-1 
<0.008-1 
<0.008-2 
0.03-32 
<0.008-0.25 
<0.008-4 
<0.008-4 
0.016-32 
<0.008-64 
<0.008-64 
4.008-2 
0.13-16 
0.1 3 
0.13 
0.5 
0.5 
0.13 
0.13 
0.06 
0.5 
0.13 
0.25 
0.5 
0.25 
0.13 
0.25 
1 
0 5  
0.25 
0.25 
2 
1 
0.25 
0.25 
2 
0.5 
0.03 
0.03 
0.016 
1 
< 0.008 
0.06 
0.13 
1 
0.03 
0.03 
0.016 
0.25 
0.03 
0.03 
<0.008 
0.5 
0.03 
0.03 
0.016 
1 
0.03 
0.06 
0.06 
0.5 
0.03 
0.03 
0.016 
0.5 
0.5 
0.5 
8 
2 
0.5 
1 
4 
1 
0.25 
1 
2 
1 
0.5 
1 
8 
2 
0.5 
0.5 
8 
2 
0.5 
1 
8 
2 
0.06 
0.06 
0.25 
1 
0.016 
0.5 
0.5 
7 - 
0.25 
0.25 
0.5 
1 
0.25 
0.25 
4 
32 
0.13 
0.13 
0.25 
4 
0.25 
0.5 
1 
16 
0.25 
0.5 
0.25 
1 
4 S 4 8  
Table 9 continued 
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MIC range M I C ~ O  (mg/L) MICw (mg/L) Organism (n) Antibiouc 
Prevotella oris (12) 
Prevotella buccae (24) 
Prevotella denticola (10) 
Porphyromonas asaccharolytica (45) 
Fusobacterium nucleatum (68) 
Willonella paruula (20) 
Eubactevium lentum (10) 
Propionibacterium acnes (25) 
Peptostreptococcus anaerobius (85) 
Peptostreptococcus micros (15) 
Peptostreptococcus 
asaccharolyticus (37) 
Peptostreptococcus magnus (62) 
Clostridium pefvingens (274) 
Meropenem 
Imipenem 
Clindamycin 
Metronidazole 
Meropenem 
Imipenem 
Clindamycin 
Metronidazole 
Meropenem 
Imipenem 
Clindamy cin 
Metronidazole 
Meropenem 
Imipenem 
Clindamycin 
Metronidazole 
Meropenem 
Imipenem 
Clindamycin 
Metronidazole 
Meropenem 
Imipenem 
Clindamycin 
Metronidazole 
Meropenem 
Imipenem 
Clindamy cin 
Metronidazole 
Meropenem 
Imipenem 
Clindamy cin 
Metronidazole 
Meropenem 
Imipenem 
Clindamycin 
Metronidazole 
Meropenem 
Imipenem 
Clindamy cin 
Metronidazole 
Meropenem 
Imipenem 
Clindamycin 
Metronidazole 
Meropenem 
Imipenem 
Clindamy cin 
Metronidazole 
Meropenem 
Imipenem 
Clindamycin 
0.016-0.5 
0.016-0.13 
<0.008-0.25 
0.06-1 
<0.008-0.13 
0.016-0.25 
<0.008-8 
0.016-32 
<0.008-0.06 
0.016-0.03 
<0.008-0.016 
0.13-0.5 
<0.008-4 
<0.008-16 
<0.008-8 
0.03-4 
<0.008-1 
<0.008-4 
<0.008-8 
<0.008-16 
<0.008-2 
<0.008-0.5 
0.016-8 
0.016-2 
0.016-0.06 
<0.008-0.13 
<0.008-1 
0.03-0.5 
<0.008-0.25 
<0.008-0.25 
0.016-0.5 
1-64 
<0.008-4 
C0.008-2 
<0.008-32 
0.016-4 
<0.008-0.13 
<0.008-0.25 
<0.008-8 
0.016-1 
<0.008-0.13 
<0.008-0.06 
<0.008-4 
0.016-1 
<0.008-0.5 
<0.008-2 
10.008 to >128 
<0.008-8 
<0.008-0.5 
<0.008-8 
<0.008 to >128 
0.06 
0.03 
<0.008 
0.5 
0.06 
0.06 
0.016 
0.5 
0.03 
0.016 
<0.008 
0.13 
0.03 
0.13 
0.03 
1 
0.016 
0.06 
0.25 
0.25 
0.016 
0.06 
0.13 
0.5 
0.03 
0.016 
<0.008 
0.13 
0.06 
<0.008 
0.06 
64 
0.25 
0.25 
0.13 
0.25 
0.03 
0.03 
0.06 
0.5 
<0.008 
0.016 
0.13 
0.5 
0.03 
0.06 
0.25 
0.5 
C0.008 
0.13 
0.5 
0.03-4 0.5 
0.13 
0.13 
0.016 
1 
0.13 
0.13 
0.13 
16 
0.03 
0.03 
0.016 
0.25 
0.25 
0.5 
0.25 
2 
0.5 
0.5 
2 
2 
0.25 
0.5 
4 
1 
0.03 
0.016 
0.06 
0.25 
0.13 
0.13 
0.5 
64 
2 
1 
1 
4 
0.13 
0.13 
1 
0.5 
0.03 
0.03 
1 
1 
0.13 
0.25 
2 
2 
0.03 
0.5 
4 
2 Metronidazole 
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Table 9 continued 
Organism (n) Antibiotic MIC range MICso (mg/L) MICgo (nig/L) 
Clostridium sporopcs (32) Meropenein 0.03-1 0.06 0.25 
Imipcnem 0.03-8 0.25 4 
Clindaniycin 0.13 to >128 16 128 
Metronidazole 0.016-1 0.06 1 
Clostridiurrr d @ d r  (1 61) Meropencm <0.008-2 1 
Imipenetn 0.016 to >I28 8 
Clindamycin 0.03 to >128 4 
Metronidazole 0.03-8 0.2.5 
Cloxtridirrm sorddlii (1 4) Meiopenem 
hipenem 
Clindamycin 
Metronidazole 
0.01 6-0.25 
0.016-4 
0.13 to >I28 
0.13-1 
0.03 
0.13 
64 
0.5 
2 
8 
32 
@. 5 
0.13 
4 
>I28 
1 
Clos~idilrrn butyrictrn~ (13) Meropcnem 0.03-1 u.25 0.5 
Iinipenem 0.13-32 0.5 32 
Clindainycin 0.13 to >128 0.5 >I28 
Metronidazole 0.1 3-1 0.25 0.5 
meropenem and imipenem are not immune from 
this phenomenon. However, an extensive program of 
clinical trials, which included patients with meningitis, 
has failed to identifjr even one case ofpneumococcal 
infection in which the infecting pathogen was not 
eradicated following meropenem therapy. 
Overall, these data confirm the increased incidence 
of antibiotic resistance in southern Europe [30,31]. 
Despite this observation, meropenem retains an essen- 
tially unaltered, exceptional and potentially clinically 
effective antimicrobial spectrum that includes the 
majority of strains resistant to many other antibiotics. 
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